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I’rnmam is to rmovlfie continuous. Weil-ralibratcd rmliometric
ll,~ta ior radiation baiance studies. ~his paper describes a new.
!wrnpact, relatively light-weight, adaptable radiometer which
WI II provide both ~pectrally intqrated measurements and data
in selcctcd spectral bands. The radiometer {Imlgn is sultab]e
for use on (small) satellites. aircraft. or Unmannml Aero9pace
\’ehiclcs I U~\Vs). Some considerations for the implementation
U( this radiometer on a small satellite are given.
l’ndsmtanrlinq ui climaLe changes demands, aL the wry
hIasL, accurale measurements oi Lhe radiaLive Iluxcs through
lht! l~p ~i the MlllUS@ere U ii lUIICIIUII I)i MI)IW LIlld lIIIIC.
and covering the full range of ambienL conditions. IIIIICA, a
rmwure of the succm of global circulation models ( GCXIE) in
to compare the predicted ●nergy balance from the coda with
oboerva~iorrs’. Information on the global radiation balance
waJ provided by the Earth Radialion lludgeL Experiment
(F, RflE) insLrumcnLs:. Ilowever, the ERUE sranners are no
Itmqcr I)rovidillg data, ml the idow.on IIxperimrnt. (’ERES.
is wlwdukd to Ily mJrarlicr than 1!)!)7. ‘~hus iI Inrge drha Kap
[!; l!iLS ill llWWllrlllU IIIC rdidhl l)dall M! AI thh !’rlllrfil LIIW.
,\nothrr IsslIr I+ 10 IIIVWIIIIALV rmii~livt’ I!IIXH ,)vrr ii
qwm hltc or rw[mlll lomhinl’d \VILh J iull WIIIplLImPnt ~)i
itmasurcments of nlnbicnt ronrli Lisms. ‘1’hin would Irad 10 a
l~~,ltrr lli]{l,’rsll~llillllu ~Jillw prucl’mrs whirh undvrlit’ Illr’ uh.
WrWd flUXIY. Wlli [(J lJt’ltFr l)~ralIIFICrl ZaLlOllS hr IIICIUSIOII11’LtO
flillhllt’ lllO(l(’IMI \ .Ilv-sp(w.itic Mlmlv 1~ Iminq umlmlnkcn hv
I lIc 1“S I)OE ,\tllmqmcrlc l{ndimtion McarIurcmrnLa l’ro~raln
I ,\l{Xl )’, wilh lIIC Iirst site to be Iwcnted in thr lnid-\Vmtern
I ‘S.\ I oklilll[Jllla I l’:allWW). olxsrntl(}ll AL lhIs Iitsl ●IIC Is
Tt’hduld hJ sltrt III 1 W!. I:urther ~llm WIII Iw ~!ytahlik{l
ill IIIC \Vrstcrn Pmtic Ocean, the Sorth SIwpe IIf Alaska,
A elsewhere, ●L annual intervab lberaft :. ~na CaO ~~
~aLellite orbits which optimiz@ coverage swer rsucb ohm CMover
particular region~. For a IufiiclenLiy mall area, une could ch~
tU MAE the relevant measuresnentt usmn a high-tlving aircraft.
l’!lil Impw I,rvwmls 111s!IIIwm,n Id I IIP l.IJs ,\l,Itlws lladio-
111.’Lrlr Inmrummll I liI\Kl): a newt rurnpacl. rrhlively light.
wmeht, flllq)tnhlv rwiiometer (or Ihrne Ittlportmll tnrwurr.
II WII14, II,WQI111.r WIIII SImW lIIIII1llllnl ,IljlIIIIrill Ims Itl[’luding
I,, ,,.I,I,,!II ,,1, !11!111 ,Ilrllilm I III. IIIWI rlllllfvll Ill,iu,lus
WI III rallhrmlml lthal, *imrLwWr. Aud ( ImlIguouI, qmc Lraiiy
rmmlbd rh~hnr+. tlIu9 provdinz important mforrualmn (0
1!,l, ~ll.*l~ll ,IIIIIW* lllllllt,tllrlllllll~ll! J’11 J‘Ill” l,dlllllulllll”
. 111,1,1:1,, ,111 11,1111 l;:, , i 11111.111111,11i III!IIAII, ~IIIIIII! I I ,i~ !
WI III rrlmlvrdv Illltwr mudiilmtmso I towmmr, I he ~lmiRn
,IIIIINIIIIIIV I’111 ., II II II: III. ,Ilrl.rnll, ,11111 I” \\’ I ,ltillltm,lor~ I* 1110
.illlll I14mmv, III Ilrovlde h rotnparl, IIJW powmm wrll. rahlwatcd
ln#lrllmHIL with the d-wed OpaLld and wavelsrnuth coverqem,
Inxrwrirutqlt I),willl] ( ‘t,flsl(it.rfilio~ -
,\ccurale llw~urcmems 01 1hc I;;lrlfl”s rariiaLion t)alance
,Ire rqulrd fur llndllrSL~lldl Ilg ~li I Iw l)rocessea mmLrolling
lhaL baktr.Ce, IIc measurement rmpllr(,menLs are discussed
in hall hy the .Sational Rcsearrh (’tmncli’s Cumrruttee on
Earth Su.iencm I SR(.’/(~ES)4. ~lIP .l)l?CLral conrage must
include Lhe range from abou L L).~110 4 /Irrr ior aibedo studies.
,rusd approxlmatrly 4 10 z 50 pm for the lrm~wave (thermal)
Ihtx. ~ome specLral resolution is desired to establish tbe actual
Wrllpo!iltioll IJi Ihc illIllusphrre lL I II(! I ime of ,neMurFrnent.
rhc rqulretl accuracy IS extreme: as a simple baaia, consider
LhaL doubling the L“C)l Concentration in the aLrnapbcre is
predicted to have a neL effecL of only 2 . -! W.m-z compared
to an annual average insoiaLion of -:140 \V.m-J The mean
i~curaclc~ suggested by the NR(!/(’ES fur the qlobaf radiation
budqeL are 5% for the short- wmw and 5 \V.m -J for the long-
w~ve uw=r annual cvrlsg with 1.munth rmollltion.
Ilecaus.e ,)i Vmla’,wns III solar ZIWILtI ~ngle, Lemperalurc,
humidity, clouds and atmospheric W)lnpWSILIOSL.one wish= to
make cdmervaLions in Yutficiently shoI tl[neacda’. CsmtinuiLy
and Werlap of Measurements is ahcs imporlanL to uncover any
SysLemaLicrdfsetb betwrs satelhLe Instrument, Thut, Lhifi
problem is an excellent maLch to small saLeiiita, with their
~lLributcs of relatively low rust and Ilrxllsility of launching.
onc can cunceivr of a set IIi lhrsw smnil !!aLd]i~~ provdin~ the
fipproprlatc diurnid and qhJbLl c(wrvmar Ior the Elobal radlaLmn
Imlnmw Ixsuf. ,,r a slnllinr wt ulILIIlllxIIIl it,r r{wrra~e of spcrllir
.ILIW i)r rve![)lls,
,., . . .
. . .
l,l\
I:ig. I: lamnetrlc wew O( lhe l.,\ 1{1 itlntrutnent.
The input optic (lower left side of Fig. 1) consists of a
pair of mirrors, mounted on a rotating smnner drum. and
i)ricnted at 4.1° to each oLher LO provde almost comphe
cancellation of polarization effects. In addition to observing
the dmird scene, this scmmer ah ac~ the on-board
calibration sources ( shown schematically as a rectangle near
the scanner drum ), thereby providing a complete instrument
miibraLion on every scan. The modiliecl Gregorian [eiescope
,it:tcrnlinm LIIC instantan~us licid-of-vimv I lFO\r) and llIIows
;,ilvsical sf,paribtion :Jetiveen Llle inpul S(!uLlOn Oi lIII? miescope
.IIId the spectral analysis and &! LPCLIIm voiumc IJL the upps!r
:iqht d Fig. I I, T!:e5e volum~ arc iinki hy a mail ap(wlure,
;LlhIWlng lhCr Md ana environmental St~bilil V for the pr19111S
and dclcrtors ovrr ionq time-scales, .\ thopper is USA at this
.Iperturc. since the pyroelectrlc dctcc Lur9 observe oniy rhmrge9
in power: Lhus each individual meiwurcment is referred to the
hopper blade, wlLh a iull insLrurrlcllL miibratlon rc[erenced to
Ihe on-hoard calibration sources 011 vverv complete rotation
,JiLl)e l[lp UL upllcs sciulncr. .~omlnai duslqn vrdwes ior L,\ltl
in a --hOU km orbit include a nadir pixel size of ?0-30 km.
wiLh cross-track scanning to 1500 km irom nauir: the scan rate
iS Sutficiendv fasL to spatidy oversarnpie, \“arious satellite
mfineuvrra can be used to lncrcaso the vwwing range of the
instrument: one cOU1d, kJr eXaSnplP, ruLate the .iateilite LO
d)tain slung.track scanni:lg; such a ti~ta S(!Lwrmld contribute
!U Li-dircvxmrml rrliectlvity IIKMIVIS.
:\hcr piutsing ti]rough Lhe ;LfJmLure, [he radiatirm IS
rccollirnated, and then dit ided into several channels. The Iirst
dlannel is the total radiation channel, in which a g~metrlcally
determimd Iractinn O( Lhe input po~er is directly rocused on
a detector, which meuurea the wavrlengtb integral over the
(,ntire ribnqe O( 0.’2 !0 >50 j~m I I his rmge being determined
I,y lIIC ~]larnclerislla (Ii LIIr optlrs ,Illli ,h,tmtors ). ,\ Imrailcl
‘“+hur L-wlvr” rhannrI is Iflcntlrai, rx(.I’pl thr (Irtrrlor I* Iiltrred
with ib !iupr,~qll i,)r >Imll,lrl Imlmv, .I,lertlng radialism in
!11(’ (),2 I(J +lilll :Jllgll, 1’11(’S1’l!\II I iliilln(’ls illllllli’iill’ I II(.
. .
(Illlth[lt)n,lll[y III Ii,lm [1)11S1 (r(.(llllmllti~ 115{’(1 l“.l{ 111’. I’ilalllll,lh;
I he }\’;\vrlrngth.il)tmraLe(l lonq. wAvII rdlation is Lvplcaliv
.,i,lnlnr,i I,f slll)lrn(.:,:1~ 1111. tV,IVI,IISIIIIlII Ilitrvrnfml .Ilorl WiIVCI
, Ililllll(.1 11(]11111)1,lt)L.11.
\\’llil~.I:IIIW,t.,.1)i~r(mtl I 11.11111{11+ .I, IIJW ,1 d“l}iLrlbtloll Ill’
I““.I)ar”’ ,11111“! Iwrm, al “ Im114itI(JIImI IIIV I ,’~lulrrw ~l]m”tral rmo-
Illliou l,) IIInnt tt) : hr I*usrn of IIIiLnuIw In lhrw mtqrbblrso
I’,,r PXiiIIItIIV. ,Ivlth t-horn I rullr *[III! I r;il rl,.l)lulmtl, IInc* ran
.!, pnriltv I III*IJIIWL IIIJIIVflpllvahlL Lcmlwrn! urr and the map
,I)]nornlmn fralurm due prlnlardy 10 ( ‘~~~t[~1, ~ I* if~f~. vLc..
‘1 tlit ra{iirsrrreter includa this capability, Part of the radiation
IS diqsmsrd by two side.by.mde prmna, and is thmr incidmt
upon R Iill w Array SJ[ detmtors, with the rtispmsion ●nd
,l~twt(w IIimsmmms rhue.wr to gIW wrtv+rs~th Imndt with
I,,,llli, 1111111111.1111I:;!!,lrtlrrs In ISAIII lIllnI1. I:irure / sllow~ ,111
IWaIIIIIl!I III SIII II a W*IC(”LIIIII: Ihrw 411r Itmr cmIIlIrllmU9 Imndn
I Inhollml 1.’2,3, I ) III th~ “dmrl.wavr”: lIIIIS livF rontigurmn
., II,14 I 1!111!’111’,1“1“ , :1 ‘ Ill’ ‘!llnutsavl’ 11,vlllll Wllh III JIIIIIIIIIIL
I . I I III, I 111111III III I,wlr;ll iIaIIIl* nrr.,:,.,1,11)1110,I!lvltw :: ,.,!,1 1,
,1 111111511.IIIIIIIMI I,J ‘11-”41VII II, IIIII’ 1111111ill Ill \LIJrllil S iblltl 1)$ 1111,
,lt~wrl(]r I llrwmu,rl~llrn. I’hr two I~:ImIn nr~ IIIAIIP IIf IIilfswent
.IIIIII, II Ill,llvrlfils, II I ,lIIflIIV, ~1111{’ II t,, VIIIltlr ,,)v~rn~o (If
., .,, ::, ,1, ,,1’,1 ,
lcIxht III I.lm uppef ntmtrnphrm crbn 1- lIIxhlv lndar17.rdn
:“!IO l#.\lll ,111111’!alflll”lll 1+ ,IMIUIWII (III :IA’ ‘lI,llwlllvllv 1,1
I,lllarwrbtlun: In addltwm lcJ I;lr Imiarlzallml I’anrrllulx Input
!I.ann?r, I IIF opl Ir# are usfd aL Imail ( nrwr. nurlllai ) anmh%
123 4L.
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]:ig. 2: !iwnplti sr+cLion 0[ contiguous wavelen;Lh bands.
i)~r(l{-ll,l’~rll” Ii(’ltwors iliLVt? hvn rllust,n [or a numlwr IJI
rm-wms. l’lwy iirc d]ermal d~tectrm, which. wwh approprlaLe
roallng!s, (we, r.q. Kefs, ? .wsd 8) can rovrr the full wavelength
rrglon (0,? . ; 50 pm) wilh uniform raponsivity. They do
not rquire cooling, the chopping frr, ..ucy is uktable over
L reasonabk range, sensitivity in more than adequAte for our
Jpplical ion, ,and linearity i~ cxcellenl. Hectrial Substitution
Iladiomctms IISInq pyrorlerlrlc detectors have proven accurate
JL lhc =. i ‘;f. h’1 WIltI vxct”ih!nt Slablllty wrr mmy yrars”.
l’vro. vl,.rLrlr ,Irtrrtors hnvr INWIII IIWII sIIcmssfully both III
.p,ll’r””l I .Ill(i III ,Ilrrrnit rmimmt”trr~’i l{m”mtL Adv’mcfs In
Ilhttt,rhii WIIIIIIW ,Ill(i prm.rsxln~ ilnvr lwrllllLlml lhr prmlll( !.11)11
II( klh ilnrmr AIIIi Lwo(iinlensmnai arravs”
\,i,lr,lii t ::l(,,lhilri.lll(,fll 1~ t)l :Illrolllh)llnl Inipnrl,mm,
I !,(I ,1{1, lriir~ KI),II IS (Infs l)rrrrmt for ! Iw Itttal and mtqratd
.h~)rlwnvr I ilnlllwls, I’Iw rnliiomrwrr WIII tirst he ralll~ratml
III ,1 I.lll[]ratorv (,wllitv, II SIIIR tvrli-(llarn(.trrlzd black hrdmn,
! IIng9trII l,IIIlpS III aII Intrgratlnq ~plmre ~rwmwrv, and tllhrr
.lwrlr~l w)ilr( I.~, I !,0 (,tilljrntllms will INSullllllately rrfrrvnrril
!u A ,rv~j~vnlr t,lrrtrlral subslltutmn radi4mr43er14, Mld [0
wolf.LrAppll); l)llol[)(!io(l@E13.” I“he ,Irtmls of the on-huard
alilrratlono ar~ dqmndent on the opecific ●pplitxtioa, but WIII
l’IM’Lllbt 0( ●t hqL one hlackbody { preferably two) piU~ kp(s)
fur t!re nhortrr wmvelFnnLhw ‘1’he calil)ratmnfi require “sta@.lJ[.
thF-ML” mpllplrlrqlL anil trrhnlqum; Lhrv nrr (acitiwti -lightly
!IV thr .llllllll,lll,q,ll%i~, ,It,~Il,Iljlo ~1,1.,lr,,l lll(,)rlllaJIUn all{] 1111111.
I’! rrdundanrv III ~lIrrk IIIg that the ~11111 of lhe npes_Lrdly
Iwmlvrwl IhamIISln Ivp Inln thr t(]tAi I.hannel!,
1},,1,, 11:,,,1,,,1.,
~>,, , ,,. , ill ,l:,f)\l,, I \l{l . . I .III, II II II I !,rilllllllu ,111III ‘1,, ,
I,vllllrrttmlts l~tr I ,IIIInLIIIII lmlAtIrrI ltww411rqlwnln U drllnsmhwl
III a Illlmhrr 111 *lIIIIIm, I’IIP Inslrllllwnt ~wr~alrw I.,rle
,I!lllll’ 1,. I .~,l :., l,!,.. , ,1111 II I .I. ~ ‘ ,. ,1, rt,rl ,,, ,, , ,
;,,, ,,1 ::,, ,,, ! ,:, ,, ,1,,1 ,:, ,11,,1,’., I ,,, qlhl-ll, .,l 11, ,\lhl ,11111IIIS(IIIIIII,O,I
111MIfLIVqIq t~~tltor~ ,\ IInlvs In II( 1(1{111111.Ua hM dsmrm~tral!~{l
ml,1,11J ,,111$1.,11111,11111 ,)1 I.l, lIIf I* 11.1111111 .,1 !,, ll,lll~;,llp r,lillllllll,l,.t
Il,i Lm IIILO a II IIS,IIIIIIII III llwMurrnwnl Id 1110 Ilux- ●L tlw 11111
II( t!lr nLmrml)lwroL’l
The inskrumetttation implies several constraints on the
satellite’;. For example. LAR1 requires a Lhree-axis stabilized
platform, and nadir views b ith sufficient clear space to
accommodate + 6CP cross-track scanning. Pointing control is
specifid here at < I degree (30, each axis), while pointing
knowledge is specified at s 0.1 degrees (3u, each axis). LARI
Iw both a 15 rprn input optical scanner and a higher t’requency
lllopp~r: these elements will cause some lrsrques In he applied
Ii) [ III, ~[m-mrnit from gvrospcopic clrt’c~s.
l“lie yw=r rof~uircments ior L.\l{I Jrr rriativrly modt%l.
ivilh ml rstlmamd total 35 \Vatts rrqlated power. L:\R1
~iutectors ~lu nuL require molinq, AIIU thermal control is
rchivs?iy straight. forward.
rhelIISLrUlllCnL digital processors will: monitor and control
instrument operation find on-board Ctiitsralion: acquire data.
digitize. compress and sLore in forma Lion: communlcaLe wiLh
I he satellite computer and send data LO [demetr~ channels, It
is JIIIIc Ipalml 111, IL spacecraft processors hnd ~wntroikrs \vlil
provide all other services.
rhe hctual hsign of a satellite syslem, and drlinition of
~ pfiylonti and support systems are hvrmd the srx;pe Of the
prcsemt paper. Issues to be investigated include qulrlance,
Ilavlgrtmn il[l(lcontrol: power sv~tcm~: trnrkin~, u’lrmswry rind
IUIIIIIKIII II +ystLvIIs: tlata handling; tlwrrnai mmtrd; pilyrilcal
sLrucLure and payload i~mgration.
;)nla hl~
,.,
It would I.sca convenience LOhave a single ground station for
control and data receipt, M is done at Los Alarrtm for lhe small
,\l,lIXIS mtcllitr. Ilowever, high spemf ground links arc bein~
I)rollul]t Into opt’ration al rat~ of MO \Ibits/s, which wouid
Iwlulrc ,~lliy SIWIIIIIIS ~)i transmission llmt’ . w IliL~ II) systcm
lll)lili~, \![{,rll~LIVtsl\’, {1111, Call llS@ SIWl(l~r(l, ShMVCr, I’ollllll!”rrlal
I , ,11111111111(,:111(11)5 svstl~lll!rl IIandlinz [hf. dntulpntrd iolumr !)i
Il,iltt \v(~IIId k riltiwr strm. qill forwnr(l [or a I.trgv I[ltqralml
1lmlputlng iwllitv 11(’F) such aJSexists aL Los ~\lwrms.
:l.ll(l ,Illillltv I ,mlrol. ( hrrkillst ,Imi llltrgrn~ltm ,lrr VIIA1
!,l ShS. :! NIt II:I(l Ill, ,ll)proprmlr! II) l)ri)vl(i~ rmtalll iinla to
;.(,r+ III :Immnls wli II h ,wr SIlllllilr I() IIitmc i~i lfllllll; . .Is W1’11
,LN lthll~[)~(”~l lit~t.~ l)r{)lill{”t~. Illri!dlllr($ h)r f’~a!l)pk’, \l)ortlail?
l(w)lw.{i illiorrlmtmn. \VF hrspe tIJ inlrgrntr mlr {Iala into the
,,1111; 11’,:i.11 W1’ I ,Illlllllllllly ,1* lli~lllil’~<iv ,1s Is Ilril(’ lll”illll l-.
~
I’IIv IImd il, r ii Iunllnuuuo, wcurnlc [ncmurmnsmts ~,f
;ttmospherir radiation hafutce is wrll-cfocumenlsd. ‘rhe
usc ~lf rompacl imlrumenlc on mall mtcllites provirim an
t~l]pwtullllv M nddrnts the phyair.n of atmmpbrrw radiatiw
t rnnsfrr. \Ve Iliivr ,1-rrlhed the I ,0s t\ IMIISM I{adimlwtrw.
lll~lrllllwnt, ,VIIIt II j.t Ilnlmldo (J Ilr,jvl,ling 11111 wwwtrv
Imm,lljaml radmuwlrl(’ ,htta Ill A tlmrlv frwhmn
\l klluivll:’lgllll! ill!
,, ,., ,., ,; II,,, I! I’I.11. !Illlllll)llll’11 l,) ‘. 111,111~ ,1.11!.11,. 111 1111*
.\,llh, , ,...l IiV IJIIV II I,u Ik l)r~ 1{. Ilvrlgr r:., 1’ I.,il)t.lh” .’tlld 1’
\lllrrnv t(,r I hrlr w~rk WI the l]ptwnl ClrWIIII ,11111drtrwtor IMIIW.
I }r I ‘ I:llm ,11111\lr 1, \11mw4m t Ilrnv(l I, IIIVh ,Iwt,hm III!, )
,, ,1,..,,,,,, ,,, ,. IV II,., ,,[ II AIIII, dllIl ~IIIstl. i. i ,1,,,1 AIIII i.
<l IIWI-m rvrdIIAIF~l thr rlerlronlrn And Icdwnrtrv rmlulrrmmltn.
Ew-ntt
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